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(54) CHOCOB PA3flEJlEHHfl KPEMHHfl HA OPAKUMM, OBOrAlUEHHblE TFDKEJlblM 14 JlEfKHM l430TOnAMH 



(57) Pe4>epaT: 

ripeA-naraeMoe M3o6peTeHMe othocmtcji k 
TexHonoruM pa3AeneHmi- H30TonoB npM 
KpynHOMacujTa6HOM npow3BOACTBe KpeMHH* 

nonynpOBOAHMKOBOVt HWCTOTbl. TeXHMHeCKMM 

pe3ynbTaT: CHM>KeHne 3aTpaT cbipbH ripn 
opraHM3ai4nn 3aMKHy-roro XMMMMecKoro i\v\Kna b 
KpynHOMaciUTa6HOM npow3BOACTBe. CymHOCTb 
n3o6peTeHM5i: ocymecTBrmioT XMMUHecKMM 
o6wieH Me>KAy npocTbiMM KpeMHMficoAepjKaujMMii 
coeAMHeHM«Mn - ra3o4>a3HbiM BeinecTBOM 

SiH 4 M )KMAK04>a3HblM BetnecTBOM Sl2H6. 

Hcnonb3yioT M3B©CTHyto TexHonornK> nonyMeHwa 
AncunaHa M3 MOHocunaHa. B npoqecce o6m©h3 
BemecTBO SiH 4 o6oramaeTca nerxviM 

MSOTOnOM 28 Sj Q seiAeCTBO Si 2 H 6 - T*>KeJlblM 

n30TonoM 30 Si. flucMnaH o6pa3yeTC* H3 
MOHocunaHa nocne npoxo>KAeHMfl o6nac™ 



Tuxoro aneKTpMMecKoro pa3p*iAa n oxnawAaeMbix 
noByujeK. OnTMMM3ai_\HK) npoL\ecca 

ocyu4ecTBn«K3T perynnposaHMeM AaBneHMH v\ 
TeMnepaTypbi peareHTOB b cooTBeTCTBMM c P-T 
AMarpaMMOM cjaasoBoro coctojihmh A^cunaHa. 
OT6op o6orauneHHbix cfcpaxLjMM m BOcnonHeHne 
pacxoAyeivioro peareHTa npon3BOAflT 6e3 
qcTaHOBKM npon3BOACTBa. flpoLjecc nonyweHnq 
H30TonnHecKnx cfcpaKLiMCr "Tflwenoro AMcmiaHa" n 
"nerxoro MOHocunaHa" ymji«eTCfl 3aMKHyTbiM. 2 
mr, 1 Ta6n. 
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npeAnaraeMoe M3o6pe1^0fe othocmtch k 
TexHonorviM pa3AeneHnn M30TonoB, a KOHKpeTHO 
- k 43M3MKo-XMMMMecKMM weToflaM o6orameHH« B 
KpynHbix Macurraoax KpeMHun 

nonynposoAHUKOBOM hhctotw TJWcenbiM w nerKMM 
CTa6nnbHbiMM M30TonaMn b cocraBe 3aMKHyToro 
qnKna npon3BOACTBa KpeMHM*. KpeMHMW, 
o6oraineHHbiM TJiwenbiM M30TonoM ^Si, 
ncnonb3yeTCH b npow3BOACTBe 

HewTpoHHo-nervipoBaHHoro KpeMHua (ripoxopos 
A. M. , neTpoB T. H., JlfliiAeHKO EX., TapycoB 
KD.B., UJeBHeHKo B.T. °Cnoco6 nonyneHM* 
*AepHO-nerwpoBaHHoro KpeMHMH n-Tuna 
(BapnaHTbi)", 3anBKa Ha M3o6peTeHne N 
98105733/06(005471) ot 19.03.1998), a 
o6orameHHbJM neroiM M30TonoM 28 Si 
ucnoribayeTCfl b npoti3BOACTBe 

6bicTpoAeMCTByromnx nHTerpanbHbix cxervi KaK 
MaTepnan, o6naflaK>miMM BbicoKovi 

TennonpoBOflHocTbio ("Se miconductor 
international. Lndustry News", v.21, N 3, 
March 1998). 

H3BeCT©H BblCOKOSCfeqbeKTMBHblPi MeTOA 

pasfleneHMJi M30TonoB, a mmchho - nx 

XMMUMeCKUM o6mBH npM CMeUIMBaHMM npOCTblX 

coeAHHeHMM, coAep>xamwx n HTepecy kdlum \a 
nonnn3OT0nHbiM 3/ieMeHT (H <=> D: nencafl n 
TWKenaa BOfla b ra3oo6pa3HOM m hcmakom 
coctohhmhx; 12 C <^ 13 C: quaHMCTbie coeflMHeHwq 
BOAopofla m HaTpufl b ra30o6pa3HOM m >khakom 
coctobhhhx; Apyrwe napw npocTbix coeAHHeHnw). 
B npuBeAeHHbix npuMepax KOHesHbitf jkhakmm 
npoAyta (H x D 2 . x O; Na 12 ^ 13 ^^) o6orameH 



nplj^ai 



Tfl>ne/ibiM M30TonoM (D nnn 



13 C), 



ra30o6pa3Hbiii - nencuM M30TonoM (H nnn 12 C). 
3tot MeTOA b p*Ae cnynaeB npi/iMeHHtOT b 
npoMbiLuneHHbix MacojTa6ax. B na6opaTopHbix 
MaciuTa6ax aih nonyMeHi/m Manbix KoriMMecTB 
nerioix M30Tono8, a b "oTBane" - T*>Kenbix 
ncnonb3yK)T Taicxe poACTBeHHbit* MeTOA - 
AncTHnnnLtMM >KHAKoo>a3Hbix HocnTenefi 
M30TonoB (CTeqbeHCOH fl. BBeAeHne b *Aepnyto 
TexHMKy. M. f rMTTJl, 1956, c. 437-438; 
BopecKOB T.K., KaTaribHMKOB CT. TexHonorwa 
npoL^eccoB xnMnnecKoro o6MeHa. KoHcneKT 
neKUMM. M., MXTH, 1974). 

OcHOBHbtMH HeAOCTaTKaMU H33BaHHblX 
MBTOAOB, B T.H. CaMOTO aC^XfjeKTMBHOrO - MBTOAa 

XMMMMecKoro o6NieHa, HBnflK>TCH cneAytotnne. 

1. OrpaHMHeHMe nenoiMM M30TonaMM, a*i* 
KOTopbix OTHocnTenbHan BennnnHa pa3Hoc™ 
a tom Hb ix BecoB M30TonoB Hau6onee 
3HaHMTenbHa. 

TaK, An« nerxoro m T*>Kenoro BOAopoAa b 
boab KoscfecfcuLikieHT pa3AeneHna 6nw30K k 4; Ana 
o6MeHa 12 C <=> 13 C b peaKqunx HasBaHHbix 
Bbiiue quaHMCTbix coeAHHeHMM stot 
K03Q>45uqneHT paseH y>Ke 1,013. Ko3cfc>o>MLiuieHT. 
pa3AeneHMfl cymecTBeHHO 3asncnT TaioKe ot 
TeMnepaTypw h AaBneHi/t*. npu KOTopbix 
npoBOAHTcn peaKi^nn o6ivieHa. B ochobhom no 
npMHMHe N 1 MeTOA xnMnqecKoro o6MeHa An« 
pa3AeneHM* M30TonoB xpeMHH« b HacTo^mee 
BpeMfl He npnMeH«toT. 

2. OrpaHimeHMfl M3-3a BbicoKMX 3aTpaT 

Cblpbfl. 

3to orpaHMMeHne cboamtca Ha HeT npw 
opraHH3ai4MM 3aMKHyToro XMMUMecKoro i^nicria b 
KpynHOMaciuTa6HOM npon3BOflCTBe. npM stom 
BbnuenepeHMcneHHbie MeTOAbi ne . no3Bonn»oT 
npow3BOAMTb pa3AeneHne KpeiviHMn Ha c^paKi^nn. 

TaKMM 06pa3OM, B M3BeCTHOM ypOBHe. TeXHMKM 

aHanorn 3anBneHHoro H3o6peTeHMfl He 
o6Hapy>KeHbi. 
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CymecTBo np^^PTaeMoro M3o6peTeHnsi 
COCTOMT B MCnonb30BaHMM B xaMecTBe HOCMTenew 
MHTepecyrauiMx M30TonoB, ^Si (3,12% b 
ecTecTBeHHOM CMecvi) m ^Si (92,18%), b 
nepsoM cjiynae - AByxaTOMHbix no KpeMHMto 
MoneKyn >KMAKoro A^CMnaHa Si 2 H 6 . a bo 
btopom cnyMae - MoneKyn ra3Oo6pa3H0ro 
MOHoewnaHa SiH 4 (cm. 4>nr. 1). KaK 
noKa3biBaeT Ta6nnqa, b "TJDKenoM AMcunaHe" 
coAep>KaTC5i M30TonnHecKMe Monexynbi BecoM ot 
66 ao 64 a.e.M. m nMeeT MecTo BbicoKaf) 
oTHocnTenbHan KOHi^eHTpaL^n n M30Tona ^Si, 
paBHafl w 27,4%. B to Me BpeMn b "nerxoM 
AMCVinaHe" coAep>KaTc« n30TonnMecKne 
Monexynbi BecoM 63 m 62 a.e.M., b cocraBe 
KOTopbix M30Ton ^Si OTcyTCTByeT BOo6me. 
TaKMM o6pa30M, npn cMeujuBaHMM >KMAKoro 
AncunaHa Si 2 H 6 \a ra30o6pa3Horo MOHocvinaHa 

SiH 4 XMMMMeCKMM o6weH, COCTOfllAMM B 

3aMetneHMH nerxnx n30TonoB KpeMHun 
( 28 Si, ^Si) b MoneKynax >KMAKoro AncunaHa 
T«?KenbiM M30TonoM 30 Si, nepexoAfliAMM M3 
ra30o6pa3Horo MOHOCunaHa, *Bn*eTCH 
SHepreTMMecKvi BbiroAHbiM, hto noATBep>KAaeTcn 

paCMeTOM M30TOnMMeCKMX CABMrOB 

Kone6aTenbHbix ypoBHew b MoneKynax cunaHa n 
AwcwnaHa. 

B to >Ke BpeMq npnewineMafl CKOpocTb 
npoi^ecca pasAeneHMH nsoTonoB Mo>xeT 6biTb 
o6ecneMeHa nniub b tom cnyMae, KorAa 
Tpe6yeMbie o6MeHbi H30TonaMM 6yAyT 
ocyu^ecTB/ifiTbCfl b oAHOBpeMeHHO MAyu^nx AByx 
peaKUMflx c paAMKanaMn: 1) ripen My ujecTBeHHoe 
coeAMHeHue b MoneKyny AncunaHa AByx 
paAMKanoB SiH 3 , coAep)Kati4MX Tswenwe 
M30Tonbi KpeMHMfl; 2) npeHMyiAecTBeHHoe 
coeAMHeHMe b MoneKyny MonocunaHa hohob 
BOAopoAa m Taxvix we paAMKanoB SiH 3) ho 
coAep)xaiAMX nerxvie n30Tonbi KpeMHi/m. 
Tawenbie npOAyKTbi nepBOM peaKqMM, T.e. 
MoneKynbi "T«>Kenoro AwcunaHa", oceAawT Ha 
LjeHTpax KOHAeHcaqnn >kmakoCi 0a3bi, b to BpeMfl 
KaK o6orameHHbie nerxviMM M30TonaMM KpeMHMfl 
ra3oo6pa3Hbje MOHOcunaH m A^cwnaH yHocsTcn b ■ 
6onee HarpeTyra nacTb peatcropa. no cyTM Aena, 
ncnonb3yeTcn ut3BecTHafl TexHonornq nonyMeHMfl 
AncunaHa H3 MOHocunaHa, KOTopbiw 
AMCCOi4HMpyeT b tmxom aneKTpMMecKOM pa3pnAe 
pKuran A.<t>., CTacuHeBMH fl.C. Xmmm« rviApuAOB. 
fl., 1969, c. 585). Han6onee cyunecTBeHHoe 

OTnWHMe COCTOMT B TOM, HTO CMeCb CMJiaHOB, 

o6pa3yK3LuyiocH b pa3p«AHOM xaMepe, 
noABepraKDT Q>paKi_\MOHnpoBaHHOM KOHAeHcamin 
He nocne c6opa stom CMecu, a b npoqecce ee 
06pa30BaHi/m n nepeMemeHmi b HanpaBneHMM 
rpaAMeHTa TeMnepaTypbi.. Oasoean 
P-T-AnarpaMMa A^cunaHa, npuiBeAeHHan Ha o^nr. 
2, no3BO/iReT npoM3BOAHTb TOHKyra perynwpoBKy 
npoi^ecca o6MeHa M30TonaMn m onTMMH3MpoBaTb 
ero. 

M3 xonoAnnbHUKOB OTSnpatOT >KMAKoqba3HbiM 
AUCunaH, o6orau^eHHbiM M30TonoM 30 Si, a 
ra3oo6pa3HyK> CMecb "nencoro AncunaHa" n 
MOHOCHnaHa nycKawT b pa3pnAHyK) KaMepy, b 
HOBbiw I4MK/1. Bocno/iHeHne MonocunaHa Ha 
BXOAe pa3p«AHOM KaMepbi He npeACTaBnneT 
npo6neMbi, ecnw b KanecTBe ocHOBHoro MeTOAa 
npoMbiiuneHHoro nonyMeHMfl 
nonnKpucTanriMMecKoro KpeMHnn 
nonynpoBOAHMK080M hhctotu ncnonb3yioT MeTOA 
nnponn3a MOHOCunaHa, t.k. b 3tom cnynae 
npeBbtujeHne Beca ocHOBHoro peareHTa HaA 
BecoM KOHeHHoro npoAyxra cocTaBn^eT « 14% 
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(<t>TopnAHafi TexHonorvi* ^^pocMnaHa m 

nOJlMKpeMHMH. PaflMeBbIM MHCTMTyT MM BT. 

XnonnHa, Cn6, 1998). 
PlpuMep. 

CoaflaHa qenbHona«HHa5i ycTaHOBKa, 
no3Bon«K3iJna« nonyMaTb 3a 1 cynoi « 4r 
>KMAKoro AMcunaHa, o6oratueHHoro 

H30TOnOM ^Si AO 12%. riepBMMHWM BBOA 
MOHOCMnaHa b pa3pnAHyto KaMepy m 
sMnnpunecKviM noA6op pewMMa noTpeooBan 
HecKonbKo cyTOK. C6op ra3oo6pa3Horo 
"oTBana", a Taione jkmakoto KOHAeHcaTa, 
HaKannuBaromerocH b oxnawAaeMwx npM pa3Hbix 
TeivinepaTypax noBytUKax, npon3BOAHJin 
e>KecyTOMHo - pjnn onpeAeneHMfl ckodoctm 
HaKonneHun MUTepecyioiAnx M30TonoB m 
onTMMM3ai4MM nporpecca. ["lonb308anMCb >kmakmm 

a30TOM M OXJia^AaiOLUVIMM CMeCJRMM - TBepAOM 

AByoKMCbio ymepoAa c TonyonoM mjim c 
neTponeMHbiM ac^npoM. 

OL\eHKVi noKa3biBatoT, mto a*ih yBenMneHMH 
o6orameHMfl jKMAKoro AHCMnaHa M30TonoM ^Si 
AO 27,4% ("TJDKenbiM AHCMnaH") m Arm nepexoAa 
k npoMbiuineHHOMy npon3BOACTBy 

HeMTpOHHo-nervipoBaHHoro M30TonnMecKoro 
KpeMHun ( » 60 kt b cyTKn) KoacJxfcviqiieHT 
MacujTa6npoBaHMH npoqecca AoruneH 6biTb 
nopHAKa 10 5 , i.e. Tpe6yeTca co3AaHne no 
MeHboiew Mepe AByx onbiTHbtx 

nonynpoMbituneHHbix ycTaHOBOK c 

nocneAoeaTenbHbiM yBennneHneM 

npOM3BOAMTeribHOCTM. 

AHann3 naTeHTHoPt nuTepaTypbi noKa3an, hto 
npeA/io>KeHHbiM cnoco6 o6naAaeT 3-neMeHTaMi* 

HOBH3Hbl M COOTBeTCTByeT KpHTepMKD 

"M3o6peTaTeribCKMM ypoBeHb". 
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ct>opMyn»Bo6peTeHn^: 

Cnoco6 pa3AeneHna b KpynHboc MactuTa6ax 
KpeMHun Ha cjDpato^nn, oooraujeHHbie 
Tfl)Ke/lblM 30 S j M nenaiM 285j M30 TonaMM, 
3aioiK>MaK)iAMMC« b xMMMMecKOM o6MeHe MeJKAY 

nDOCTblMM KpeMHMMCOAepXCaiMMMM 
COBAMHeHUflMH - ra30<£a3HbiM BeiAeCTBOM 

SlH4 14 >KMAKOCt>a3HblM BeLL^eCTBOM Si 2 H 6 , 

o6orama!oiAMMncfl b npoi^ecce o6MeHa 
cooTBeTCTBeHHo nerKMM ^Si n TJunenbiM ^Si 
m 3 OTon a m m , npuneM HOCMTeneM mcxoahord 
nonnn30TonHoro jcpeMHMH Bbi6paH ochobhom 
peareHT b npoMbituneHHOM MeTOAe no/iyMeHwa 
KpeMHun nonynpoBOAHMKOBow nucTOTbi 
ra3o<t»a3HbiM MOHOCiinaH, HBnyuoiuMMC* nocne 
BbixoAa M3 peairropa TaioKe npeMMymecTBeHHo 
HOCMTeneM nerxoro M30Tona 28 Si, a 
npe m m y LL\ecTBe hh biM HOCMTeneM TfOKenoro 
M30Tona ^Si Bbi6paH >km AKocfc>a 3 h bi m AHCMnaH, 
o6pa3yK)U4MMC« ms MOHocM/iaHa nocne 
npoxo>KAeHM5i o6nacTM TMxoro aneKrpMMecicoro 
pa3p«Aa m oxna^AaeMbix noByiueK, npM otom 
onTMMM3aqMio npoL^eccoB rionyneHMH AMCMnaHa 
M3 MOHOCMnaHa b snetcrpMHecKOM pa3p*Ae n 
XMMMMecKoro ooMena M30TonaMM b 
MOHM3MpOBaHHOM CMeCM ocymecTBnHioT 
perynMDOBaHMeM AaBneHMP m TeMnepaTypbi 
peareHTOB b cooTBeTCTBMM c P - T AnarpaMMOM 
0a3OBoro coctohhmh AUCMnaHa, a npoqecc 

nDOM3BOACTBa M30TOnMHeCKMX c|3paia\MM 

"-mwenoro AUCMnaHa" m "nen<oro MOHOCMnaHa", 
npM kotopom OT6op o6oraLLjeHHbix o>paKqMM m 
BOcnonHeHMe pacxoAyeMoro peareHTa 

npOM3BOA*T 6e3 OCTaHOBKM npOM3BOACTBa, 

flsnaeTCfl 3aMKHyTbiM. 
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isotope28Si and disilane with heavy isotope30Si. Process is optimized by 
controlling pressure and temperature of reagents according to P-T phase 
state diagram of disilane. Withdrawal of enriched fractions and replacement of 
consumed reagent are performed not stopping production. Isotope separation 
process is conducted in closed mode. 
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Abstract : 
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NOVELTY - Method is based on chemical exchange between simple 
silicon-containing compounds: gas-phase substance SiH4 and liquid- phase 
substance Si2H6 . Known mono- into di-silane conversion technology is 
used involving passage of monosilane through electric discharge region 
and cooled traps. Because of isotope exchange, mpnosi lane is enriched 
with light isotope28Si and disilane with heavy isotope30Si. Process is 
optimized by controlling pressure and temperature of reagents according 
to P-T phase state diagram of disilane. Withdrawal of enriched fractions 
and replacement of consumed reagent are performed not stopping 
production. Isotope separation process is conducted in closed mode. 
USE - Isotope separation technology. 

ADVANTAGE - Reduced process expenses. 2 tbl, 1 tbl (Dwg.0/0) 
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